Coos Bay, located on the southern Oregon Coast, is the largest estuary between the Columbia River and San Francisco Bay. Palouse and Larson Creeks in the northern section of Coos Bay are the two most productive streams for coho salmon. Such productivity occurs despite the pressure salmon habitats have experienced through a long history of anthropogenic alterations, and continue to face from the region's robust industrial economy, including recreational and commercial fisheries, agricultural production, and forestry. Restoration efforts since the 1980s have helped mitigate environmental impacts, but the turn of the century brought a new era of coordinated research, monitoring, and restoration. Forming a multi-stakeholder partnership with the goal of restoring salmon runs, the local nonprofitnon-profit Coos Watershed Association and its partners worked together to learn about the strategies that coho use to survive in these altered landscapes and apply research findings to restore habitats. Specifically, they examined the most appropriate habitat restoration strategies for various life histories of coho salmon, while working within social and political constraints. As a result, these efforts over the past 35 years have led to a better understanding of salmon populations in Palouse and Larson Creeks and an effective restoration program that continues till today.
INTRODUCTION
(1) Historically, tidally-inundated wetlands covered 1,142 ha near the stream mouths, providing critical fish habitat. These areas are in Drainage Districts (local governmental bodies) authorized to manage streams within their boundaries.
(2) Upstream, broad, low-gradient valleys contain agricultural fields used for grazing and hay production with rural residences located on smaller parcels, sometimes immediately adjacent to the streams.
(3) Headwaters in forested uplands with steep hillslopes actively managed for timber 1 production by public and private landowners [1] . Beginning in the late 1800s, and accelerating through the twentieth century, both the streams were significantly altered to create pastures and aid boat navigation. After dikes were constructed, the Drainage Districts dredged the streams to improve drainage and reduce flooding of adjacent pastures. Tide gates were installed at the mouths of both creeks in 1918.
Tide gates control the flow of water between creeks and estuaries by closing during rising tides to keep the areas behind them free of saltwater and also temporarily impounding streamflow; they then open during ebbing tides to release this impounded water into the estuary. Between diking and channelization, over 90% of historic wetlands in Palouse and Larson Creeks have been lost and fish passage has been adversely affected [2] .
Land use practices in both watersheds significantly affected fish habitat that support coho salmon, the key species of concern, as well as smaller populations of winter steelhead, fall Chinook, chum, and sea-run cutthroat trout [2] . Current population of coho salmon is about 10% of their historic size (see Figure 2) , which is estimated to be approximately 206,000 individuals for the entire Coos system [3] [4] [5] . The peak count of adult coho in both the streams remained mostly below 100 between the mid-1960s and the mid-1990s. Earlier records beginning in 1948 show periodic increase of about 200-300 in Larson Creek (see Figure 3) . In angle and close later in the tidal cycle, offering better conditions for passage [11] .
Social and Political Challenges to Restoration
Environmental challenges faced by fish and residents of Palouse and Larson Creeks are not In the course of research and restoration efforts in Palouse and Larson Creeks, two strategies have been proven to be effective for CoosWA and its partners in navigating these challenging social and political dynamics: 1) actively listening to and incorporating landowners' interests and concerns into restoration plans, and 2) incentivizing restoration projects by highlighting opportunities to achieve landowners' goals (e.g., upgrading tide gates).
Restoration Approaches
Efforts to restore fish populations and meet landowners' needs have used different approaches In the 1990s, increased agency involvement led to more organized efforts. While drainage remained a concern, many projects aimed to reduce erosion and improve in-stream habitat.
Streams were fenced to prevent livestock from trampling banks, and 63,700 willows and other 
Improved Restoration through Applied Research
The success of restoration efforts in Palouse and Larson Creeks since the early 2000s is largely attributable to a better understanding of coho life histories and habitat use, supported by meaningful landowner engagement. Two strategies guiding restoration were 1) long-term monitoring and applied research, and 2) an assessment-based, cooperative approach. (1) generated estimates of juvenile freshwater survival and adult marine survival over five brood years (see Figure 6) , and provided reliable estimates of natural-origin coho jack returns [11] [12] [13] ;
(2) demonstrated innovative uses of passive integrated transponder (PIT) tags to show how tide gates impede coho movement and migration by constraining opportunities for upstream or downstream passage [11] ; (3) monitored juvenile and adult coho movement using PIT tags to show a correlation between higher coho mobility during winter months and lower winter survival, suggesting that a lack of accessible refugia puts fish at greater risk when seeking refuge from highvelocity flows [13] ; (4) analyzed coho otoliths' (ear bones) microchemistry to identify rearing strategies, outmigration timing, and growth characteristics that highlighted potential genetic markers for these characteristics [12] ; and (5) evaluated aquatic food webs to determine coho diet and resulting body condition [14] .
"
Using Applied Science for Effective Watershed Restoration and Coh... http://cse.ucpress.edu/content/early/2018/01/25/cse.2017.000489.full...
FIGURE 6.
Freshwater and marine survival rates in Larson, Palouse, and Winchester Creeks compared to average rates and standard deviation at the eight ODFW Life Cycle Monitoring sites.
Collectively, the LCM studies advanced the understanding of coho salmon, revealing at least two different life history strategies: (1) remain sedentary during the juvenile rearing period, and (2) be mobile throughout the stream system, likely in response to food availability and stream temperatures, and apparently correlated with greater marine survival [13] . These multiple coho life histories are likely bolstering their resilience in highly dynamic and frequently perturbed systems, as has been found in other cases [15, 16] . Critically, LCM insights have guided watershed restoration efforts by targeting habitats used by these multiple life histories, leading to more effective restoration projects in these and other lowland areas of the Coos River estuary and engaging landowners who have interacted with researchers and seen the work first-hand.
CoosWA's Lowlands Assessment of 2006 improved its restoration program by identifying and prioritizing projects for both basins. This assessment showed that Palouse and Larson watersheds, respectively, had only 39% and 10% of winter rearing habitat, and needed 25% and 50% of summer rearing habitat to reach their full coho production potential [2] . Lack of riparian vegetation for stream shade was a key factor adversely affecting summer habitat, as were high water temperatures in the tide gate reservoirs, exceeding rearing habitat thresholds (18°C) for approximately 100 days during the summer. The assessment also identified 34 culverts in Palouse and 18 in Larson that were undersized and at risk of improper drainage or failure, potentially releasing an estimated 1,650 cubic yards of fill into each system and preventing fish passage to upstream habitats.
In an effort to secure landowner support and generate co-benefits through restoration projects,
CoosWA shared the assessment's findings with landowners through a series of "coffee klatches,"
in which neighbors gathered in each other's homes to discuss their vision for the future environmental state of their watershed and the land management challenges they faced. To address these challenges, landowners were shown various restoration tools that were being considered by CoosWA, which they were then asked to prioritize based on 1) the ability to meet their land management objectives and 2) acceptability among their neighbors. The landowners' feedback weighed into the restoration project prioritization. This engagement strategy led landowners in both watersheds to become more engaged and supportive of restoration projects; since the assessment, nearly all projects in both basins have been on private lands.
Relationships with landowners have also enabled monitoring and research to continue. 
